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ABSTRACT
　　Cigarette　smoking　causes　pulmonary　inflammation　in　everyone　but　only　20－3090　of　heavy　smokers
actually　develop　airways　obstruction．　Childhood　chest　infections　are　recognized　as　an　independent　risk
factor　for　developing　airways　obstruction　and　as　the　majority　of　these　infections　are　viral　in　origin，
there　may　be　important　interactions　between　the　virus　and　smoking　in　the　production　of　airways
disease．　Over　the　past　several　years　we　have　shown　that　childhood　adenoviral　infections　target　airway
epithelial　cells　and　that　the　viral　DNA　can　persist　in　these　airway　cells　for　long　periods　following　the
infection．　Our　working　hypothesis　is　that　protein　expressed　from　the　adenoviral　DNA　is　capable　of
amplifying　the　airway　inflammation　produced　by　cigarette　smoking．　This　hypothesis　has　been
supported　by　studies　showing　that　adenoviral　EIA　DNA　and　protein　is　present　in　the　lungs　of　human
smokers，　That　the　EIA　adenoviral　protein　can　act　as　a　ubiquitous　activator　for　the　transcription　of
a　large　number　of　host　genes．　Very　recently　studies　from　our　laboratory　have　shown　that　epithelial　cell
lines　transfected　with　adenoviral　EIA　DNA　overexpress　ICAMI　and　IL8　following　challenge　with
endotoxin　which　frequently　contaminates　house　dust．　We　have　also　developed　an　animal　model　of　latent
adenoviral　infection　and　shown　that　the　EIA　DNA　persists　in　the　lungs　of　these　animals　and　is　expressed
at　the　protein　level　weeks　after　the　virus　stops　replicating．　Subsequent　exposure　of　these　animals　shows
a　significant　enhancement　of　the　inflammatory　response　to　a　single　dose　of　cigarette　smoke．　These
observations　suggest　that　latent　adenoviral　infection　may　contribute　to　the　pathogenesis　of　chronic
airways　obstruction　by　amplifying　cigarette　smoke　induced　airway　inflammation．
　　Several　epidemiological　studies　have　established　that　although　smoking　is　the　major　risk　factor　for
COPD，　only　a　minority　of　smokers　develop　chronic　airways　obstruction　（1，　2）．　This　contrasts　sharply
with　the　fact　that　everyone　who　smokes　develops　peripheral　lung　inflammation　（3）　and　strongly　sug－
gests　that　other　risk　factors　must　amplify　the　effects　of　cigarette　smoke　to　produce　airways　obstruction．
The　purpose　of　this　presentation　is　to　review　the　role　that　latent　adenoviral　infection　as　one　of　these
contributing　risk　factors．
　　Childhood　infection　has　been　established　as　an　independent　risk　factor　for　the　development　of　COPD
（4）．　As　the　majority　of　these　infections　are　viral　in　origin，　the　role　of　these　childhood　viral　infections
in　adult　disease　deserves　to　be　investigated．　Several　years　ago，　we　began　to　investigate　the　adenovirus
because　it　is　an　important　cause　of　childhood　respiratory　infection　where　adenoviral　DNA　has　been
shown　to　persist　in　the　respiratory　tract　in　tonsils　（5）　and　peripheral　blood　lymphocytes　（6）　of　asymp－
tomatic　adults．　ln　our　first　study　we　established　that　airway　and　alveolar　epithelial　cells　were　the　cells
targeted　by　the　adeno　virus　（7）　in　acute　infections　（8）　and　subsequently　showed　with　Matsuse　et　al．
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that　adenoviral　DNA　persisted　in　the　lung　（9）．　Two　regions　of　the　adenoviral　genome　（7）　that　included
the　EIA　region　which　produces　proteins　important　in　early　viral　replications　and　the　E3　region　which
is　concerned　with　the　ability　of　the　virus　to　enter　a　latent　state　were　investigated　in　this　study．　DNA
was　extracted　from　randomly　selected，　deparaffinized，　fixed　specimens　of　lung　tissue　from　smokers　with
airway　obstruction　and　compared　to　that　obtained　from　control　patients　without　normal　lung　function
that　had　been　matched　for　age，　sex　and　smoking　history．　The　adenoviral　DNA　of　interest　was　subjected
to　the　polymerase　chain　reaction　（PCR）　and　quantified　by　densitometry　after　gel　electrophoresis　and
hybridization　with　a　labeled　probe．　Successfu1　DNA　extraction　and　polymerase　amplification　were
confirmed　by　the　detection　of　HLA　Dqa　gene　in　similar　quantities　in　samples　from　both　groups　of
patients．　Adenoviral　EIA　DNA　was　found　in　considerable　quantities　and　was　much　more　abundant
in　the　COPD　group　（p　〈　O．016）．　E3　region　DNA　was　found　in　lesser　quantities　and　did　not　differ
significantly　in　quantity　between　patients　with　and　without　airway　obstruction　（9）．
　　These　results　were　consistent　with　the　model　of　viral　integration　into　host　cells　proposed　by　Graham
（10）　where　both　ends　of　the　viral　genome　interact　with　cellular　DNA　to　allow　the　viral　DNA　to　be
integrated　as　a　linear　structure．　Rearrangement　and　deletion　of　some　of　the　viral　DNA　prevents　the
expression　of　cytotoxic　genes，　while　retaining　the　left－hand　sequences，　including　EIA．　Amplification　of
the　left－hand　region　after　integration’provides　an　explanation　for　the　observation　that　transformed
cells　such　as　the　Graham　293　cell　contain　several　copies　of　the　EIA　region．　Having　demonstrated　the
presence　of　the　gene，　we　next　assessed　whether　its　protein　product　was　expressed　in　lung　tissue　with
Elliott　et　al．　（11）．　lmmunohistochemical　staining　for　the　EIA　gene　product　was　performed　using
a　monoclonal，　mouse　antibody　to　this　protein．　Horseradish　peroxidase　staining　amplified　by　inclusion
of　a　mouse　horseradish　peroxidase　antibody　to　concentrate　the　stain，　was　achieved　using　a　third
（bridging）　rabbit　anti　mouse　antibody．　These　studies　（11）　showed　that　EIA　is　expressed　at　the　protein
level　in　the　human　airway　epithelium　of　lung　tissue　harboring　trace　amounts　of　adenoviral　DNA．
MECHANISM　OF　PATHOGENICITY　OF　EIA　PROTEIN
　　Our　working　hypothesis　is　that　the　EIA　protein　amplifies　the　inflammatory　response　by　increasing　’
the　expression　of　gene　products　that　are　important　to　the　inflammatory　process．　This　hypothesis　is
based　on　work　showing　that　The　EIA　protein　interacts　with　the　retinoblastoma　gene　product　（12）　releas－
ing　transcription　factors　that　allow　cells　to　enter　their　replicating　cycle　and　that　the　EIA　protein　is　able
to　enhance　the　expression　of　a　wide　variety　of　genes　（13－15）　by　interacting　with　the　DNA－binding　sites
of　various　transcription　factors．　Therefore　EIA　has　the　potential　to　both　interfere　with　the　control　of
cell　division　allowing　cells　to　proliferate　and　enhance　the　production　of　cytokines　that　are　important
to　the　inflammatory　process．
　　The　possibility　that　expression　of　the　EIA　gene　by　airway　epithelial　cells　might　enhance　their　cytokine
production　in　response　to　an　inflammatory　stimulus　was　investigated　with　Keicho　et　al．　（16，　17）．　We
began　by　investigating　A549　peripheral　airway　epithelial　cell，　because　these　cells　have　a　type　2　cell
phenotype　and　EIA　transfection　results　in　progression　toward　a　more　mature　type　II　cell　phenotype．
The　transfected　cells　were　stimulated　with　lipopolysaccharide　（LPS），　a　constituent　of　house　dust　and
cytokine　messenger　ribonucleic　acid　（mRNA）　levels　were　measured　by　Northern　blot　analysis．　Keicho
et　al．　found　that　EIA　transfection　resulted　in　significantly　greater　expression　of　mRNA　for　intercellu－
lar　adhesion　molecule－1　（ICAM－1）　（16）　and　interleukin－8　（IL－8）　（17）　following　challenge　compared　to
the　non－transfected　cells．　This　result　is　interesting　because　these　two　cytokines　play　a　very　important
role　in　PMN　recruitment　into　inflammatory　sites．　Very　recently，　Coxson　et　al．　from　our　laboratory
examined　the　inflammatory　process　in　human　lung　tissue　and　compared　heavy　smokers　with　normal
lung　function　to　that　found　in　lung　tissue　from　patients　with　either　moderate　or　severe　emphysema
that　had　similar　smoking　histories．　They　found　that　the　number　of　PMN／unit　surface　was　increased
（　26　）
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10　fold　in　mild　emphysema　and　200　fold　in　severe　disease　（18）．　We　are　currently　investigating　the
possibility　that　this　excess　inflammatory　response　is　induced　by　latent　adenoviral　infection　and　the
preliminary　results　are　encouraging．
　　In　other　experiments　with　Vitalis　et　al．，　we　developed　a　model　of　latent　adenoviral　infection　in　the
guinea　pig　（19）．　These　studies　showed　that　in　guinea　pigs　infection　was　followed　by　the　replicating　of
the　virus　in　lung　tissue，　seroconversion　of　the　animals　to　viral　proteins，　the　development　of　bronchi－
olitis　with　persistance　of　the　viral　DNA　in　the　lung　long　after　the　virus　had　stopped　replicating．　Very
recently　we　have　shown　that　animals　with　these　latent　infection　show　an　excessive　inflammatory　response
to　a　single　dose　of　cigarette　smoke　（20）．
CONCLUSIONS
　　In　summary，　these　studies　have　shown　that　latent　adenoviral　DNA　can　persist　in　the　lung　for　long
periods　following　acute　infection．　The　EIA　protein　is　expressed　by　this　latent　adenoviral　DNA　in　human
lungs．　Studies　in　isolated　cells　have　shown　that　EIA　transfection　is　capable　of　dysregulating　the　cytokine
expression　of　away　epithelial　cells　and　animal　studies　have　confirmed　that　latent　adenoviral　infection
enhances　the　inflammatory　response　induced　by　cigarette　smoke．　Our　working　hypothesis　is　that
latent　adenoviral　infections　can　amplify　the　airway　inflammation　that　is　present　in　all　smokers，　to
produce　airway　obstruction　in　a　minority　of　subjects　that　go　on　to　develop　chronic　obstructive
pulmonary　disease．
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